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b n aCbK^&bKfl^ n bBjSeg^ n bxgb n j65Cfb n egfb]_w
 ;cKh£ckjS^_hidOf?h¡fc;dOa)wgi`K^bBxgb
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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bKeg^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jSeW¤B]\E]_^`KaCb;]3yl\E n hixgb;]¬egfb]U KajSfl^_hi°=ebbKf!^b n aCbxgbjSfgljSb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b;]_^ wg¡e]¬c;dOe n jSfl^ªx·²³jOxgdOwg^b n jEhi]_hidOfaj67
^_y KajS^_hi°=ebRcKjO]]hi°leb«gxjSf]ªjO°=ebK¡ibdOf]k² h¡f=^  n b;]]bRjSeW¤w n dOw n hi K^ ;]w+d n ^UjSfl^]e n µ²  K^UjS^xWe]_\W]_^`KaCbBAFOjSibKe n
xgb;]Oj n hjSgib;]bK^xgb;]¬´ dOfcK^_hidOf]D5¨
3f n jShi]UdOf¦xgb&c;b;]%^ n jOxWh¡^_hidOf]xWh¡b n ]b;]k«ib&w n dOgi`KaCb)xWe­c;dOf=^ n ib)b;]_^%]dOegbKfl^w+d] Rx·² egfb&ajSfghi` n b)]bKfM7
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b5¤gbKa)wgib«,j¢fdO^_hidOf x·²  K KfbKaCbKfl^Cc;dOf=^ n jSgib!dOeNh¡fc;dOfl^ n jSgib«b;]U]bKfl^_hibK¡ibxjSf]ibBc;dOf=^ n ib!xWhi]Uc n bK^k«(b;]_^
 Kf  n jSibKaCbKf=^uaCdOh¡f] b5¤Ewg¡hicKh¡^ ;bxjSf]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y=\= n hixgb¨=±² dOWopbK^ xgbc;bK^uj n ^_hicKibb;]^3xgbªw n dOw+d]b n egfbckjOx n b
egfgh£ckjS^bKe n jSec;dOf=^ n ib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x = 0 and y = p ?
envoyer!(p)
y := 0
x >= 0 ?
τrecevoir?(p)x := p , y := 1
x > 0 ?
τ
y := x * y , x := x−1
x < 0 ?
τ
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AFh¡3b;]^jSid n ]h¡fd n  GD5¨,[=hc² b;]_^egffdOegbkjSeaCb;]U]UjSb« dOfcyjSfgbCib¶gh¡^Rxgb n  5´   n bKfc;b¨,s yjO°leb¶w n dEc;b;]]_e]Rj
egfb&j n hjSgibx·²  K^UjS^°=egh(^ n jOxWegh¡^k«+xgb¶]dOf­w
dOh¡f=^0xgb&Eeb«µ²  K^UjS^%xgb&jC^ n jSf]_a)hi]U]_hidOf ¨ m dOe n  «
]dOh¡^%dOfh¡fd n b
^dOeg^>A  K^UjS^  D5«·]dOh¡^Rj¢^ n jSf]_a)hi]]hidOf b;]_^ n  Ke]]hib A  K^UjS^(67% D0dOe n jS^ ;b A  K^UjS^	869% D5¨  ]b)w+bKeg^jSe]]h3°leb
 jSh¡^^ n jSf]_a)hi]^dOeg^b;]ib;]ª´ n jSaCb;]ajShi]f ²³jSh¡^wjO] n b KexgbaCb;]]UjSbx·²³jOc;°=egh¡^_^bKaCbKfl^0w
dOe n j)xgb n fghi` n b A  K^UjS^
 % D5¨ m dOe n #)«]dOh¡^ dOfh¡fd n b^dOeg^ A  K^UjS^  D5«l]dOh¡^j^ n jSf]a)hi]]_hidOfb;]_^ujSaCd n c; ;bA  K^UjS^ 7  2 D5«bKf!c;dOe n ] A  K^UjS^
: <;+D5«jOcybK ;b A  K^UjS^=69% DudOeh¡fl^b n_n dOa)wgebIA  K^UjS^ 869% D5¨
>^?? @ GPa%\ X*EHGDM,ABYZ@c  f@ g YZa ILCqAO@nCVCVYZTDaZIJ'\ M TCqAVP8M YrPBI0J=IFc
M&cDYZs]PBINODaZGCQL@ c4O@nCVYrABYZ@ccILaZaZI g c
M YZCM G
JX#AVPBYbc4I c^AJ=IabMKOPBXLQ]YbCVYZ@c ?
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[T[T¬ ¹ º*,=¿OFW¼GOFºQ * "!¶ N % QvA C3A
m dOe n ]_h¡a)wg¡h£b n ib;] £e n b;]k«SdOf]t²³jSeg^d n hi]buwjO]]b n xgb;]¸j n hjSgib;](c;dOa)aCb wj n jSaC`K^ n b;]xgb3c;dOa)aegfghickjS^_hidOf ¨
[=h<¦b;]^egfbj n hjSgib« k <=8 W8 ;  < ltO  \I£|£|£m ]h¡fgh£b k <=8 W8$;  < ltO  \ÑI£|£|£ l  MTN  R|£|£|£ m «bK^ k 8  ;W8$<  O  \Ñ{£|£|£m
]_h¡fgh£b k 8  ;W8$<  O  \ª  N  £|£|£Tl£|£|£m ¨·± b&fdOa xgb;]jOcK^_hidOf]b;]_^xgb&jB´ d n aCb  Z 9 O 3 Z[t\ dE  b;]_^
µ² bKf=dk\bKe n « 9 ibxgb;]^_h¡fjS^UjSh n bRbK^ 3 Z[ ibaCb;]]UjSb%^ n jSf]a)hi]k¨
±3² hidl[ r [ n bKw n  ;]bKfl^UjSf=^ªµ²  KaCbK^_^bKe n  b;]^uxgdOfgf wj n j£e n b  ¨E± b;]¬ckjSfjSeW¤Bxgb%c;dOa)aRegfghickjS^_hidOf % bK^ '
]dOf=^aCdExg K¡hi] ;]wj n xgbKeW¤jSeg^dOajS^b;]BA7£e n bH0/D5¨±¸b´µjSh¡^x·²³j;dOh n egfb&b n_n bKe n xgbR^ n jSf]_a)hi]]_hidOf¦b;]_^aCd=xg K¡hi] 
wj n egfaCb;]]UjSbC(C Í
#  2 6 bKfldk\ )  ¨$3fW£f «
dOfaCdExg K¡hi]bib n b;c;bKbKe n # A7£e n bR}.D5¨ r bK,°lebRibK vm
j) K^ %aCdExg K¡hi] «gh¡·\¢j¶xgb;]ªaCb;]]9jSb;] ;cyjSfg ;]xWh n b;cK^bKaCbKfl^%bKfl^ n b  bK^ #N¯ ºZ # O  It\ bK^ # ZTÑO I[\ ¨
sub)fb)]UdOfl^wjO]xgb¶ n jShi]aCb;]]UjSb;]t«·c;bKj n bKw n  ;]bKfl^b%ope]_^b¶ib&´µjSh¡^°leb«·]t² h¡f ² \­j¢jSecKegfaCb;]]9jSb) ;cyjSfg 
w+bKfxjSfl^egfbidOfgebxWe n  ;b«gj¶^ n jSf]a)hi]]_hidOfb;]_^ª£fghibbK^dOf]b n bK^ n dOegbRxjSf]ªµ²  K^UjS^h¡fgh¡^_hjSµ¨
[T[T @  #	# ¿*OF¾ W¼GOFºRQ * %¿ #¿ º O7¼! (,% * %¾ºQ
¼S¿ %* %=ADC4A
[=e n c;bK^b5¤gbKa)wgib«dOfj¶eg^_h¡¡hi]b n ib;]^b;cygfghi°=eb;]xgbR]_\=f=^_y`;]bxgbc;dOfl^ n ibKe n ]w
dOe n ´µjSh n bxWe n j65CfbKaCbKfl^
xgb&]_w+ ;cKh£ckjS^_hidOf ¨± bw n dOgi`KaCb&°legh(fdOe]h¡f=^  n b;]]b&b;]_^ib]_egh¡OjSf=^k¯ !h# *B _  H)
*_+# 
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_RC_4ZM# +!#$+]'Z L\:)&]H }  ), #$ %   	
@fbª´ÈdOhi]ib;]u°=ejS^ n b]dOe]
7 ]\E]_^`KaCb;]3aCd=xg K¡hi]U ;]k«ldOf!bKfC´µjSh¡^3ibªw n dExWegh¡^ a)h¤W^b+A ]\=fcUy n dOfghi]UjS^_hidOf!]UbKegibKaCbKfl^
]_e n ib;]0jOcK^_hidOf]%c;dOa)aegfb;]Dªw+dOe n dOg^bKfgh n jSe£fjS¸egf[ r [aCdExg K¡hi]UjSfl^%ib´ÈdOfcK^_hidOfgfbKaCbKfl^%idOjS xWew n d7
^dEc;dOib¨  ·´µjSeg^ajSh¡f=^bKfjSfl^xg K^b n a)h¡fb n °lebK¡ib;]0]dOfl^ib;]^ n jSf]h¡^_hidOf]c;dOf=^ n jSgib;]bK^h¡fc;dOfl^ n jSgib;]t¨  ^UjSfl^
xgdOfgf 0ib0w n dOgi`KaCb%xgb0c;dOf=^ n ib%w
d]U «lh¡·jSwgwj n j#i^ªfd n ajS·xgb]_egwgw+d]b n °leb0µ² bKf==h n dOfgfbKaCbKf=^k«gaCd=xg K¡hi]U wj n
ib;]uckjSfjSeW¤ % bK^ '«lb;]^3aCdExWh£jSgib«l^UjSfxWhi]¬°=ebib;]uxgbKeW¤Cw n d=c;b;]]e]  bK^ #-fbib]UdOfl^uwjO]k¨1h¡f]_hµ«ib;]u]bKegib;]
^ n jSf]_h¡^_hidOf]c;dOfl^ n jSgib;]%]dOf=^xgdOfcc;bK¡ib;]dEegf¢aCb;]U]UjSbb;]_^ Ka)hi]ªwj n % dOe '¨
r bK°=ebªib K vm b;]_^3xg 5£fghµ«ldOfw
bKeg^dOh n °leb¬j%^ n jSf]a)hi]]_hidOfb;]_^3egf ;cyb;c]_hdOf]bª^ n dOegbxjSf]egf K^UjS^
^bK°=eb PºN <67%N¨O± b¬w n dOgi`KaCbxWeCc;dOfl^ n ibb;]_^xgdOfcªxgbªxg K^b n a)h¡fb n °lebK¡ib;]xgdOh¡bKf=^V<K^ n b¬ib;]c;dOfxWh¡^_hidOf]
]_e n ib;]^ n jSf]_h¡^_hidOf]xgb% bK^ ' xgbCajSfghi` n bBh¡f=^b n xWh n bCµ² bKf]bKagibBxgb;] K^UjS^]  xWeN]_\W]_^`KaCb¶idOjS dEj
j n hjSgib P N 869% ¨  b;]_^cKjSh n °=eb¬j0f ;c;b;]]_h¡^ ªx·² h¡f=^b n xWh n bc;b;] ^ n jSf]h¡^_hidOf]3]b n j0¡hi jSe)fdOa n bx·² b n_n bKe n ]
xgb0^ n jSf]_a)hi]]hidOf ¨ 1e]]_h+dOf n jJo_dOeg^b%xjSf]uib;]¬jSeg^dOajS^b;]ªxgb % bK^¬xgb ' xgbKeW¤Oj n hjSgib;]
BbK^ - w+dOe n c;dOa)wg^b n
ibfdOa n bRx·² b n_n bKe n ]xgb%^ n jSf]_a)hi]]_hidOfxgbRcyjO°=ebckjSfjSµ¨
m dOe n ckjSicKegib n µ² bKf]bKagibxgb;] K^UjS^]3h¡fl^b n xWh¡^]  bK^3c;bKeW¤C°=eghaC`KfbKfl^uxgbªajSfghi` n bh¡fc;dOf=^ n jSgib;]ª  «dOf
eg^_h¡¡hi]bibidOhicKhibK = 8 ~W« 8  ? °legh,b;]_^egf­idOhicKhibK xgbR  n h£ckjS^_hidOfxgb;]0]_\E]^`KaCb;]0COj n hjSgib;]0+d=dOi ;bKfgfb;]
bK^%flegaC  n hi°=eb;]k«+´µjShi]UjSf=^%xgb&µ² h¡f=^b n w n  K^UjS^_hidOfNjS]_^ n jSh¡^b)bKf¦eg^_h¡¡hi]UjSf=^ib;] Ku©%© =³|6?bK^0ib;]%w+dO¡\`;x n b;]c;dOflb5¤gb;]
=   « 8  ? ¨
±3²³jSfjS¡\E]bj;b;cw+b n aCbK^x·² hixgbKfl^_h£b n xgbKeW¤ajSegjShi]b;]ª]_h¡^_ejS^_hidOf]JA 43  b;]_^ªegfbc;dOf]_^UjSf=^b%£g¤W ;b
wj n ib%w n dO^dEc;dOib«°=egh xgdOfgfbibfdOa n bajJ¤Wh¡ajS¸xgb n bK^ n jSf]_a)hi]]hidOfj;jSfl^0 ;cyb;cGD5¯
( 
 Q 43  (¯Wib n b;c;bKbKe n b;]^xjSf]j&idEckjS¡h¡^  I = «jSecKegfb^ n jSaCbRfb%¡egh¸b;]_^wj n bKf=ebRckj n ^dOeg^b;]dOfl^ K^ %gid=°=e ;b;]ªwj n ibRckjSfjS % ¨
( 
 - Q 53  (¯lib n b;c;bKbKe n b;]_^uxjSf]3jid=ckjS¡h¡^  ´- = «=h¡\jbKe!egfbdOe!wg¡e]_hibKe n ] ´ n jSaCb;]ub5·b;cK^_h¡bKaCbKfl^n b Keb;]k«gajShi]j&^ n jSf]_a)hi]]_hidOf¦j¶ K^ h¡fl^b n_n dOa)wgeb¶)ckjSe]bxgbw
b n ^bxgbaCb;]]UjSb]_e n ib;]ckjSfjSeW¤ % bK^
'¨
fNw
bKeg^¶xgdOfc n j65Cfb n ib!]_\W]_^`KaCbbKf U h¡a)w
d]9jSfl^
WegfNfdOaR n b!¡h¡a)h¡^ !x·² b n_n bKe n ]k¨f n b;]_^ n bKh¡f=^&ib;]lj n xgb;]
xgb;]^ n jSf]_h¡^_hidOf]=% Z   OA2 6 \ bK^ ' Z  OA2 6 \ bKfaCbK^_^UjSfl^0jCc;dOfxWh¡^_hidOf
 -RG 53  (¨IfdOg^_hibKfl^jSh¡f]_h
egf¢]_\W]_^`KaCb0°legh+^ n jSf]_aCbK^&c;dOegw¢]_§ n ib;] aCb;]U]UjSb;]k¨g[=h
µ² dOfbKeg^¬ajSh¡fl^bKfjSf=^b5¤W^ n jSh n b0µ² bKflEh n dOfgfbKaCbKfl^xWe
]_\W]_^`KaCb¶c;dOa)w+d] «
h¡(´µjSeg^ n bKfx n b¶h¡fl^b n fb¶^dOeg^b;]ib;]jOcK^_hidOf]fdOf¦eg^_h¡¡hi] ;b;]%wj n %/bK^9'¨MfdOg^_hibKfl^jSid n ]
µ² bKf==h n dOfgfbKaCbKf=^%c;dOf=^ n jSh¡fl^ajJ¤Eh¡ajS,°legh¸jO]]e n b°leb%ibw n dO^dEc;dOibf ²  ;cUydOebªojSajShi]k¨
abadcfehg&ihji
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R−>S?(End)
read?(N)
bs := not bs
i := 1
bs := true
ES := Bot
r < Max ?
S−>K!(i=1,i=N,bs,M[i])
r ++
(r = Max) and (i = N) ?
τ
ES := DK
ES := NOK
τ
(r = Max) and (i < N) ?
L−>S?(TO)
K−>S?(TO)
r := 0
S−>K!(i=1,i=N,bs,M[i])
i = N ?
ES := OK
R −>S!(End)
R−>S!(End)
L−>S?(Ack)i < N ?
τ
idle next wait
retry
sync
error
ok
 W ( } C"#  
K−>S!(TO)
K−>R!(b1,b2,b3,C)
S−>K?(b1,b2,b3,C)
idle trans
L−>S!(TO)
L−>S!(Ack)
R−>L?(Ack)
idle trans
W  0 ( b+)  L# (% h '
R−>L(Ack)
K−>R?(f,l,b,C)
S−>R?(End)
l ?
not l ?
S−>R?(End)
ER := NOK
ER := FST
br := not br
τ
(br = b) and f and (not l) ?
(br=b) and (not f)
and (not l) ?
ER := INC
(br=b) and (not f) and l ?
ER := OK
τ
τ
not(br=b) ?
R−>L(Ack)
new
idle
sync
S−>R?(End)
rcvd
rprtd
K−>R?(f,l,b,C)
br := b
ER := Bot
ER := Bot
R−>S!(End)
W  } ( b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sub n ^UjSh¡f]jSeg^bKe n ]¬dOf=^ h¡f=^ n d=xWegh¡^k«Ew+dOe n ´µjSh n bxWec;dOfl^ n ib%]_e n xgb;]3aCdExg`Kib;]uw n d=cUyb;]uxgb;]ª[ r [
«=egfbfdO^_hidOf
xgbw n hid n h¡^ bKfl^ n bib;]3 K KfbKaCbKf=^] = 8L8 ? ¨  dOe] jS¡idOf] n bKw n bKfx n b0c;bc;dOfc;bKwg^¬bK^µ²³jOxjSwg^b n jSeCaCd=xg`Kibxgb;]u[ r [
¨
subK^_^bfdO^_hidOfxgb%w n hid n h¡^ «gc;dOa)aCbc;bK¡ibx·²  K KfbKaCbKfl^0c;dOfl^ n jSgibRdOeh¡fc;dOf=^ n jSgib«f ²³jwjO]xgb%] KajSfM7
^_hi°=eb)h¡fl^ n h¡f]U`;°lebL9(]dOf n ibCb;]_^xgb n j65Cfb n j!fdO^_hidOf?xgb)c;dOfl^ n jSgh¡¡h¡^ ¨  fl^_egh¡^_h¡bKaCbKfl^k« dOfj]k²³jSeg^d n hi]b n
Ch¡fl^b n xWh n b¶xgb;] K KfbKaCbKf=^]H(R)_ 	 -A bK^0fdOfw n hid n h¡^UjSh n b;]Did n ]U°lebxgb;] K KfbKaCbKf=^] Z"*L(>A bK^
c;dOf=^ n jSgib;]D]dOf=^w
d]U]_h¡gib;]k¨¸sub;cKh n bKEhibKfl^!c;dOf]_hixg  n b n egf K KfbKaCbKf=^Rw n hid n h¡^UjSh n bCc;dOa)aCbCegfb¶h¡fl^b n_n egwM7
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